With the fast development of HV and EHV underground substations in large cities, the demand and technical challenge of field insulation test for HV and EHV power transmission equipment is increasing fast also. As the traditional field insulation test equipment, oil-immersed cascaded power frequency test transformer is very difficult to face the challenges because of its large size and weight. SF6 insulated test transformer, as the new site test equipment, also needs to be designed smaller in size. As a result of the size reduction, it will increase the risk of breakdown and partial discharge. This paper introduces the electric field analysis and design optimization of a newly designed 1200kV SF6 insulated test transformer. The finite element analysis software INFOLYTICA is adopted for the electric field simulation. The simulation results demonstrated its main design of size and insulation. In some particular regions where the electric field is significantly uneven distributed, optimization design is provided.
Introduction
In order to meet the increasing power demands of large cities, HV and EHV underground substations are developing fast in China [1] . The high safe operation requirement in such substations pushed the development of field test technology of transmission equipment. SF 6 insulated power frequency test transformers, instead of traditional oil-immersed cascaded test transformer to avoid its large size and heavy weight limit in field application, is developing fast in recent years [2] . _________________________________________ Although the SF 6 gas insulated test transformer has many advantages, it is still limited by the space restriction in practical applications. Electric field control and design optimization is an important process in the development of new high voltage level test transformers. The electric field distribution in a newly designed 1200kV gas insulated test transformer in working conditions is numerically simulated in this paper. The characteristics of electric field distribution inside the transformer is analyzed. According to the simulation results, local structure design optimization is provided to avoid electric field concentration and potential discharge or partial discharge risk inside the transformer.
THE SOFTWARE EMPLOYED AND NUMERICAL MODELING
Many numerical algorithms had been adopted in electric field distribution analysis of transformers. The finite element method (FEM), finite difference method (FDM), charge simulation method (CSM), boundary element method (BEM) and the combination of these methods are the most commonly used [3] [4] [5] [6] . As the most convenient and flexible method, FEM is the most widely used. In this paper, the FEM based simulation software Infolytica is adopted for the electric field simulation in the 1200kV gas insulated test transformer. The electric field distribution under the existing design scheme is calculated.
The 1200kV SF 6 insulated test transformer is mainly composed of 3 parts, the transformer body, output protective resistor and capacitive divider, as shown in Figure  1 .
The main target of the simulation is to investigate the influence of the size of each part of the transformer on the electric field distribution. Each part of the transformer is modeled and simulated respectively in order to intuitively understand the distribution of the electric field in each part of the transformer. According to the preliminary design of the transformer, the 3-D model of each part is set up as shown in Figure 2 . For clearance of the main problem, the air dome set for calculation, the metal shell, the insulation gas, the voltage sharing shell, the insulation basin and some supporting components are concealed in the figure. In order to highlight the main factors affecting the electric field distribution, some detailed outside structure of the transformer is properly simplified in the modeling.
Considering the symmetry structure of the 3 main parts of the transformer, the cross sectional view is used to display the electric field distribution inside the transformer, which could directly reflect the electric field distribution on the components. In order to ensure the accuracy of simulation and improve the efficiency, auto division and manual division combined method is adopted in the mesh subdivision in the model. The subdivided mesh structure is shown in Figure 3 .
In the employed Infolytica software, the potential and electric field equations are solved by using the Newton-Rapson method to calculate the node potential. In the simulation, the error range is set to 1%, the potential function is approximated by two order polynomial, and the convergence gradient is 10-8.
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SIMULATION AND ANALYSIS
For the transformer body, a voltage source of 1200kVrms and 10kVrms is applied respectively on the high and low voltage coils as excitations. The potential distribution when the applied voltage reaches the peak value is shown in Figure 4 The worst electric field distribution in the transformer occurs at the peak of its operating voltage. If the maximum electric field strength meets the control requirement at this moment, the theoretical breakdown or partial discharge free design target of the transformer is realized. When the excitation voltage reaches its peak, the respective electric field distribution in the main parts of the transformer is shown in Figure 5 .
From the simulation results shown in the figures, the maximum electric field strength inside the designed test transformer is 5.688kV/mm, less than 8.9kV/mm design control limit, and the high electric field strength only concentrates in some small regions. But in order to eliminate the potential discharge risk in the test transformer, it is still necessary to optimize the structure in the high electric field distributed area in the test transformer. Figure 6 shows a partial enlarged view of the area with high electric field distribution in Figure 5 . The high electric field area inside the test transformer is mainly concentrated in the component corners with small radius of curvature. In order to improve the electric field distribution in these area in the test transformer, the curvature radius of these parts should be increased to further decrease the maximum electric field. As shown in Figure 6(a) , the high electric field concentrated area in the transformer body is at the corners of the inter layer of high voltage coils. Increasing the radius of curvature at these corners makes the electric field distribution more uniform distributed as shown in Figure 7(a) .
The high electric field concentrated area in the protective resistor is located at the connection side of the metal shell and the insulating basin. The optimized curvature radius design results in the decreasing of the electric fields in this area as shown in Figure 7(b) .
Similarly, the high electric field concentrated area on the capacitive divider is at the tips of the shell edge. The curvature radius increased design optimization result is shown in Figure 7 (c).
SUMMARY
The result of simulation analysis shows that the structure dimension of the newly designed 1200kV SF6 insulated test transformer meets the electric field control requirements. The designed test transformer is theoretically breakdown or partial discharge free. To avoid the potential risk of partial discharge, in some areas with small curvature radius, increasing the local radius of curvature at the edges or tips of the corners or connection parts will significantly reduce the maximum electric field strength in these areas.
